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APPARATUS ANDi 



CODIlS^tl based' ON TRANSMISSION DIVERSITY 



Field of thd 



]THOD FOR DETECTING SIGNALS OF SPACE-TIME 



llnvention 



10 



15 



The pres^At SUnyention relates to an apparatus and method 



for detecting' ialignals of space^time coding based 



on 



transmission diveiibity/ and more particularly an apparatus and 
method for detecMnjg signals of space^time coding based on 



transmission diver.si';ty/ which linearly filter received signals 
to estimate the av^rkge channel gain of each syinbol/ measure a 



signal to inter feience ratio (SIR) r and control the decoded 



output by compalriiihg with the threshold value/ thereby 



detecting correct !|syinbols 

111 ' 

i: ifi 



i 



Description 6% the Prior Art 



20 



The xrLulti-p|ai:h fading occurring in inost mobile 

■ ;!} ! 

comcaunication chanjjrjLeis serves as the main cause of impeding 



effective and reli 



rle data transmission. The effect of such 
fading may be mitigkted by the space or antenna diversity- The 



r 



space diversity m^tj|iC]d is generally used in the base station, 
employing the Maximjki Ratio Combining receiver to process the 



signals received through several antennas- However, such space 



25 diversity method isiiiinot practical for a mobile station because 

! \ I 

of its cost, size'^.;! power consumption, etc- Hence, the next 



generation mobile ; 



communications system such as lMT-2 000 
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employs transmi 



ssi|ion diversity method to cope with the laulti- 



10 



15 



20 



25 



path fading of tll^i downward link. 

The transral|sio'n diversity method involves multiple 
transmission anter^nas and a single reception antenna, compared 
to the space diveiJrsity method involving a single transmission 
antenna and multajpl^' reception antenna- In this case, the 
.received signal '[^\^s - a linear combination of the signals 

1 1; 

transmitted from,ij|all, the transmission antennas. Hence, the 

. . i'J- 

receiving syste^ '?^^st distinguish the signals received from 
each of the trarLsrd|.ssion antenna in order to correctly recover 
the originally t!i|ansmitted signals. For such transmission 
diversity, the ^p^e^time coding is used in both the procedure 
for data transmission- at the base station and the procedure 

for data detectionllat the mobile station. 

: ij I 

The conve^tit'ijbnal transmission diversity system is 
schematically s 
illustrating the 



in Figs. lA and IB for respectively 
t^ransmission system of the base station and 
the receiving sVstilem of the mobile station. The transmission 
system includes QpSK (Quadrature Phase Shift Keying) 

modulator 110, sp^ce-time encoder 120, and spreading code 
generator 130 as shown in Fig. lA, and the receiving system 
including a receivijiig circuit 140^ QPSK demodulator 150, etc. 

In this case/ij'the transmission data are channel-encoded 
information bits, which are processed through the QPSK 
modulator 110 and ;|;the space^time encoder 12 0 to produce the 
transmission symfcolji; secjuence spread by the same diversity code. 
The QPSK modillator 110 maps the input bit sequence 
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:fo parallel transformation into the QPSK 



symbols with the ijp-phase' component I and the quadrature phase 



?SK signal is made by the I and Q coinponents 
s four phases, i-e., ±~ and f thereby 

blex number - 

space-tim^ encoder 120 is the data syrtibol 
is based on orthogonal structure for the 
40 to separate the signals transmitted from 



component Q. The 

I j 

to take one of tli 
appearing as a co: 

j 

Input of the 

1 

pair . The codingj 
receiving circuit; 

^other antennas, p.^tformed for two sytobol intervals. Assuming 

'II 

that a pair of traiismitted symbols is Si and S2, the output of 
the space-time codalng is expressed by Equation (1) ; 



r 



If the syinboijljof the space-time coding matrix is termed 

1 I . 

as , the syAqls of the column are simultaneously 

transmitted from t^he transmission antenna at time t. Hence, 

^the transmission! f I matrix represents the symbol group 

Mil 

transmitted over ti^fe isymbol intervals through two transmission 

antennas, where th^! symbols and -S^ are transmitted at t-T, 

I 1 

and the symbols Js|| and at t=2T. The receiving circuit 
simultaneously recij^i^es signals from all the transmission 
antennas as the ] Combination of the signals through all 
channels . 
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to I not 
nfemission 



transiciission anteiina to the 
signal transmitt^iJ 
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If the firbt] and secpond tra^xsmission antennas are 

affe<t:t each other, the radio channel 
kntenna to the reception antenna 
is different fi^omi the r^dio channel from the second 

reception antenna, so that the 
at time t=T is received by the receiving 
circuit, being different froic) time t^T+At to time t=2T+At as 
expressed by Equati|on (2) 

I ' 

i \ 



(2) 



! 



Wherein ai aritcl 



from the first 



The path gai!i| 



pca repres<3nt respectively the path gains 
and second transmission antennas to 
thereception anteij^a,; having different magnitudes and phases. 
In addition, nx anijl n^ represssnts background noises, and the 
superscription * cbiipilex conju^rate. 



causes a 



distortion to the transmission 



channel estimate. 
Equation (3) . 



Li 



signal, which, shoiiid bs comp<;nsated to detect the original 
transmission syna3oli| Xhe compensation may be achieved by using 
the channel estii^4tfe obtainsid by the channel estimation 
process as descrilDted; hereinafter. Hence, using the perfect 



:he symbols 



I 1 



S 1 a^id S 2 are expressed by 
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a I 

A 



A 
A 



y 2 



(3) 



Si 10 



15 



20 



Wherein ai represents an estimate of the channel gain ai, 
and * the complex ijconjugat^. 

In the system of Figs, lA and IB, the pilot symbol is 

I I' 

periodically trail^Mxtted to each antenna, so that the 

r&ceiving circuit 'i^ay use it to estimate the channel. 

\\[ 

Fxg, 2 schdiaatically shows the structure of the 
transmission fram^j in which the pilot symbol is inserted. As 
shown in Fig. 2, tihe transmission frame symbol consists of 15 
^ slots, each of whi|^h in turn consists of a data field for the 
data symbol sequeiii:e and a pilot field for the pilot symbol 
pattern. ,||' 

In the transnixssion frame transmitted through the first 
antenna , the datal;: (field which contains the space-time encoded 
transmission symbopii generated from the space-time encoder, and 

i ,i ' 

1 1! ' 

the pilot field wj:^ich contains 'the pilot symbol separatesly 

' ' ! I- 

defined for each ^mtenna are time-multipelxed. Meanwhile, in 

, i) ' 
' till 

the transmission, fj^ame ! transmitted through the second antenna, 
th& data field whl'Bih contains the space-time encoded symbol 
and the pilot fjipld which .contains the pilot syznbol 
^orthogonal to th4fi of the first antenna are also time- 
multiplexed. The pi||!Lct ' time-multiplexed for each slot have an 
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inherent pa.ttern ] j ) where (i, j) representing the pilot 



pattern transiaittebd from 



includes 



syijif^ols. The 



pilot (2, j) 

Referring . li*^' Fig 



the ith antenna to the jth slot 
pilot {1/ D) is orthogonal to the 



3 illustrating the conventional 

apparatus for delpi^cting tiransmission diversity signals^ the 

space-time encod^iia symbol^ are detected by a number L of 

I i 

demodulating andi I i; detecting circuits 300_a/-../ 300_1, and a 

coinbiner 340. Eaicjh demodulating and detecting circuit 300 

; I' I' 

includes a correlj^tor 310, 



channel estimator 32 0^ and space- 
time decoder 33pL In order to detect the transmission 
diversity signals^jl two consecutive transmission symbols are 



first demodulated! 1 1 by the correlating circuit 310 using the 
spreading code th|a't is the same as that of the transmission 
system • The data!(|iisymbol oiitputted from the demodulating and 
detecting circuit SijpOO is d.etected by the space-time decoder 
330 from the chanjjij'j^l estimate and decoded signal. The channel 
estimate represent^ the cha^inel gain estimated by the channel 
determiner from th^ received pilo't symbol. The outputs of all 
the demodulating ainid detecting circuits 300 corresponding to 
the receiving paths? are linearly combined through the combiner 



340 to provide thejlpriginally transmitted data symbol 



The 



space-ti'nijl^ 'encodsd signal is very sensitively 



affected by channelQ) estimatjion error, so that the two--stage 
channel estimationj; ? is ^ gonefally used to obtain the correct 
channel estimate, !;!. The fizfst stage is the procedure of 
receiving and filtering tho pilot symbol. Since the pilot 
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10 



symbol pattern i^l already known to the receiving system, the 
channel gain during the pilot syirJDOl interval of a channel may 
be estimated by ^sing the corresponding pilot syinbol received 
as follows, ,1- 

I ! 

For example/ 1 1 if tlie pilot symbol patterns for the first 
and second antennas in the first slot are respectively AAA 
A* and A -A -A A*^! they are orthogonal to each other, wherein 
^"^"1"^" Then, if 'the symbols of the patterns are sequentially 
^transmitted one A one through the radio channels with the 



respective path 



jgains, the received pilot symbols are 



expressed by the ir^atrix of Equation (4) . 



15 



20 



A A 
A 

A -A 

A* A' 



A\\xa 

I 



[::] 



+« 



(4) 



Wherein n r^||lresents the background noise. This pilot 

symbol matrix glides the orthogonal itLatrix expressed by 

1 1' 

^Equation (5), so the channel gain may be estimated by 

Equation (6) . '!' 



XA' A* 
U" -A* 



A* A-l 
-A* a\ 



1; 

rj l4 A 

|4 -A 



[ 0 AAA 



(5) 
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(6) 



1 i| 

The gain pei| 



a symbol is gbtained by normalizing with 
because the ipstimated channel gain represents the entire 
gain considering ^ik&- four symbol intervals. 

The second ^t^ge; is a procedure of obtaining a weighted 
average of the ch^^inel estimates of several slots. For example, 
assuming that th^j [weight values used are Oo and (bi, and the 
channel estimate dt the pilot symbol of an arbitrary nth slot 
a(n), the channeJij i estimate of the nth slot is expressed by 
Equation (7) , 



A 



'^1 




r ; ] :| . -I 





















(7) 



1 ;i 1 

Equation (7) % applied to each slot interval in the same 
-manner, and theref^ipe, the channel estimate is the same in one 
slot interval- Thi|^|| procedure is - substantially to filter the 

i ! il' 



estimate of the f|rst procedure and effectively give more 
correct channel est||aiate than the first procedure. The -channel 
estimate thus obt^fned may be desirably used to precisely 
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detect the data '^^mbol of each slot. In this case/ the above 

matrix obtained louring the channel estimation is always the 

■ 1 1. 

same regardless '.iiof the nucnber of the transmission antenna 

' i E 

'employed. ;;!■ 

f 

However, such reception of the space-time encoded symbol 
only provides thej ' channel estimate of one sample for one slot 
despite the weigh|iiied "average, so that the fast fading channel 



not only makes it 



inexact channel es 



difficult to precisely estimate the channel 



gain varying in the ,slot interval, but also the use of the 



timate may further distort all the data of a 



slot in the envirc^toment of great noises and interferences with 



a number of mobil^j 



Stations. 



Moreover, th^i cbmbination of the outputs of all the 

decoders without l^fsonsidering the reception level results in 

' I' 

the combination |of the decoders' outputs lower than the 

, ^' 

threshold value, degrade the performance of the receiving 

system of the spacb-time encoded symbol due to the reduction 
of the signal to ri^jise power ratio of the detected symbol. 



Summary of theij Invention 



It is an objept of the present invention to provide an 
apparatus for detecting signals of a space-time coding based 
on a transmissiohji diversity, which linearly filters the 
received signals to! estimate the average channel gain of each 
symbol, measure silR, and control the decoded output by 
comparing with th;^ threshold value, thereby detecting a 



9 
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correct symbol, 3: method- thereof, and a computer readable 

■ i| 

recording medium perform the method. 

In Accordancj^ with an aspect of the present invention, 
there is provideci,; an apparatus for detecting the signals of 
space-time coding j based on transmission diversity, comprises a 
plurality of corij^lators for subjecting received signals to 
despreading with t'|ie same spreading code as the spreading code 
used in the traijijbmission side to obtain the transmission 
symbols, a plural[iity of channel estimator for obtaining the 
channel estimates Hip f the slots from the transmission symbols 
of the pilot s^ol intervals from the correlators to 
determine the avei^^ge ; channel estimate of each symbol through 
linear interpolat4|:|n and filtering of the channel estimates, a 
plurality of spaceHtime decoders for decoding the transmission 
symbols received j^rom the correlators based on the channel 

estimates of the channel estimator to detect the data symbols, 

J:|j 

a plurality of d|itput control devices for comparing the 

'if ': 

average signal strl^ngth and interference of each slot of the 
received signals ijrith the threshold value to control the 

[symbol detected by the space-time decoders. 



output of the data; 



and a combiner for lljlinearly combining the detected signals of 
the space-time decolderb multiplied by the control signals of 
the output control ;;devices . 

In accordanc4| with another aspect of the present 
invention, there £s a.' provided -a method for detecting the 
signals of space-t;ajaae icoding based on transmission diversity, 
comprises the stefl^ of subjecting received signals to de- 
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spreading by thdjit same spreading code as the spreading code 
used in the tr^ELsmission side to obtain the transmission 
symbols decoded^ ;|bbtaining the channel estimates of the slots 

111 ; 

from, the decoded itipansmission symbols to determine the average 

liii 

channel estimate :|6f each symbol through linear interpolation 



and filtering o 



f (the channel estimates, decoding the 



transmission symb|Ofl.s based on the channel estimates to detect 
the data symbols comparing the average signal strength and 
.interference of ejich ! slot of the received signals with the 
threshold value il cpntrol the .output of the decoded data 
symbols, and linearly .combining the controlled data symbols. 

In acGordande With still another esxibodiment of the 

i II ' 

present mventionl/, there is provided a computer readable 
recording medium t|(i) perform a method of detecting the signals 
of space-time coding ibased on transmission diversity , which 

i |i i' i 

1 !l| 

comprises the steips of subjecting received signals to de- 



spreading with th^j 



same spreading code as the spreading code 



used in the transmission side to obtain the transmission 
symbols decoded, oi|taining the chaiinel estimates of the slots 
* according to the dsfcoded transmission symbols to dete2:mine the 
average channel j^jstimate of each symbol through linear 
interpolation and ^^Litering of the channel estimates, decoding 
the transmission 4l^ols based on the channel estimates to 



detect the data s 



and interference o 



yif!]?ols. 



comparing the average signal strength 



each slot of the received signals with the 
qontrol the output of the decodetl data 



threshold value tp{ 
symbols, and lineaftty ' combining the controlled data symbols* 



II 
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Brief Descrxgtion of the Drawings 



The above ari^ other objects, and features of the instant 



invention will 'b6||lome' apparent from the following description 
of preferred eiabodiments taken in conjunction with the 



accompanying drawings/ in which: 

t 'l 

Figs- lA andlj IB are block diagrams for illustrating a 
conventional system for applying the transmission diversity; 
10 Fig. 2 is, an example of the frame structure of the 

transmission symb;|)l having the conventional pilot syinbol 
'inserted; liili 

iiiii 

■ li 

Fig. 3 is a ^.f-^^^ diagram for illustrating the structure 
of the conventionapl system for detecting the signals of space- 



15 time coding; 

V 
!i! if 



Fig. 4 is a tjiock diagram for illustrating the structure 



of the inventive |^iyst;em for detecting the signals of space- 
time coding; and 

Fig. 6 is a !|§low' chart for illustrating the process of 
detecting the sp4|:e^time encoded signal according to the 
present invention . ; 1 1; 

111' 

Preferred Embq!'^iment of the Invention 

,!( 

25 Hereinafter/ 'jibref erred embodiments of the present 

jilf 

invention will be isdescribed in detail with reference to the 
accompanying drawin,^s - 



12 
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Referring tfef Fig. A, the inventive system is provided 
with an improved! Ijchantiel estimator and Output control device 
in addition to i|4he conventional system for detecting the 

signals of spaqe-time coding based on the transiaissiQii 



5 diversity. Tlie sysitem includes a number L of demodulating and 

lii, 

detecting circuits) 400_1/..., 400_L for decoding the signals of 

respective signall'ipa'ths to detect' data syxcbols/ and a combiner 

'if 

450 for linearlvfi ' coinbining the detected signals from the 
demodulating and detecting circuit 400, 
10 Each of ' t% demodulating and detecting circuits 

400 l,,.,40O L inciimdes a correlator 410 for decoding the 



received signal 
estimator 420 for 



into the transniission symbol, channel 

|i 

<|alculating the channel estimate, space-time 
decoder 430 for <i:kcoding the space- time coding, and output 
15 control device 440|jfor controlling the output signal delivered 
to the combiner IffiSO. The signal passing the corresponding 



20 More specifica 



signal path i^ is|ubj acted to code synchronization during 
decoding of the ■ da'|:a syifibol- In the drawing, ® r-epresents a 
multiplier for itiul|4kp,lying the two inputs <i 

|Lly describing ' the structural elements, the 
correlator 410 sui:^:|ects the received signal to de-- spreading 
with the same sprea;^ing code as the spreading code used in the 
transmission side 1^0 obtain the transmission symbol decoded- 
The channel esitmali|)r 420 obtains, the channel estimate of the 
25 slot according to iLe transmission symbol of the pilot symbol 

interval from the|(|correlator 410 to determine the average 

! ! i 

channel estimate of[ each symbol through linear interpolation 

1 

i! 13 ■ 
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and filtering of ;i4he channel estimate. The space-time decoder 
430 decodes the da|ta symbol received froitci the correlator based 
on the channel estimate of the channel estimator 420 to detect 
the data symbol • .jHTbe output control device 440 compares the 
average signal sfcjrength and interference of the slot of the 
, received signal wi^h the threshold value to control the output 
of the data symboll; detected by the space-time decoder 430. The 
combiner 450 lines^|itrly combines the L detected signals of the 
space-time decodejqis 430 multiplied by the L control signals of 
tiie output control! -devices 440. 

The channel efetixaator 440 further includes a slot channel 
estimator for f i^ifeering the pilot symbol ' to estimate the 

channel gain, aiiii) obtaining the weighted ^ average of the 

''f 

channel estimates; |f of several slots to produce the channel 

;if 

estimate of the s^ot through a linear interpolation circuit 
for subjecting th[4 channel estimate from the slot channel 
^ estimator to lin^^r interpolation to produce the channel 
estimate of each ti|:ansmission symbol, and a linear filtering 
circuit for obtairiiihg the average of the channel estimates of 
the symbols extraqtiied by the linear interpolation circuit for 
a given interval t^ produce the average channel estimate of 

■ii 

the transmission s^ji^ol* 

!j- - 1 

The output cbntrol device further includes an SIR 

estimator for estiniating SIR based on the instantaneous signal 

power and average ijajiterference power of the corresponding slot 

measured from the c!3^annel estimate and decoded data symbols of 

one slot interval, ;;jia signal comparison circuit for comparing 
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! 

the SIR estimatecii" by : the SIR estimator witlfi a given threshold 
value to judge 'i||hether the corresponding output signal is 
approved, and an ifemtput controller for controlling the output 
according to the.ui'decoded symbol multiplied by the result of 
5 the signal comparijson circuit. 

Describing the steps, of receiving the signal of space-- 
tiiue coding/ the .j; correlator 410 subjects the signal to de- 
spreading with thg same diversity code as the spreading code 
'used in the transmission system to obtain the transmission 
10 syjnbol decoded- Tlip output of the correlate^ 410 is delivered 
to the space- timei; decoder 430 or the channel estimator 420 
j3 according to a kip:d of the transmission symbol- Namely, it is 

:H delivered to the ^llbhannel estimator 420 inj the pilot symbol 

1,2; interval, or to ttife space-time decoder 430 in the data symbol 

15 interval* 

s The space-tike decoder 430 decodes the detected 

m transmission symbojil based on its channel estimate to detect 

the data symbol of' the corresponding demodulating and 
y detecting circuit i|^00- The channel estimate ' is the output of 

20 the channel estii^ator 420 having the first and second 
estimation stages, .ij, 

The output cp:^!trol device 440 estimates SIR of the slot 
from the detected^! data symbols and chamiel estimates to 
control the data syfhbols of the slot delivered to the combiner 
25 450. The combiner 4li50 linearly combines the outputs of all the 
demodulating and detecting circuits to produce the received 
data symbols with maximum energy, | 

'\ ' \ 
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Among the S|||^uctural elements of the receiving system, 
the operations o|^;; the correlator 410/ the space- time decoder 
430, and the c^icibiner are the same as those of the 
conventional recejt|viiig system, except the channel estimator 
420 and output con|):rol device 440. 

The correlatjifr of the receiving system decodes the two 
transmission symtjcills continuously transmitted with the same 
spreading code asl|;:the code used in and synchronized with the 
transmission sideji! The data symbol that is the output of the 
demodulating and il^ietecting circuit 400 is detected by the 
space-time decodeij] 430 from the channel estimate and decoded 
data. The channel estimate is produced by the channel 
estimator 420. a[111 the outputs of the demodulating and 

detecting circuital! 400 corresponding to the number of the 

Is; 

signal paths are iji!inearly combined through the combiner 450 to 
recover the origiiiall data symbols. 

The channel ^jstimator 420 estimates the channel gain of 
the symbol in addjjtion to the conventional estimation of the 
Channel gain of t!lp.e Slot. The procedure of estimating the 
channel gain of |jt{he symbol includes the steps of linear 
interpolation and ;|iiLinear filtering to calculate the correct 
channel estimate o;$ each symbol from the channel estimate of 
the slot. 

The linear in.^^rpolation is the procedure of calculating 
the channel estimai|e of each symbol from the channel estimate 
of the slot. The injiter-polation function for this is a function 
of the channel estpjimate of the slot. The coefficient of the 

16 
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interpolation function is 



order of the tran|siaissxon 



determined by the function of the 
symbols in the slot, defined as 2Ns- 
. Assuming the chaiinei estimate of the nth slot is h(n)/ the 
channel estimate' ! j h (n, k)| of the k-th data, symbol of the 
targeted n-th slot; is detelrmined by Equation (8) - 



hin,k) - Co(«,f h{nA) -H Ciin.k) h(n) 



(8) 



Wherein the ijcoef f ici^nt is expressed by Equation (9) / 
where Ns representilii the number of the data symbols contained in 
one slot- '! 



(9) 



Equation (8) ^uts mor^ weight on the channel estimate of 

' 'i i 

the previous slot |n the leading half of the slot, while more 

weight on the cliaiiinel estimate of the present slot in the 

' j, h 

trailing half of tfjjie slot/ in estimating the channel gain of 
the symbol- ' 

According to i;|he abovej linear interpolation/ the channel 
gain is estimated ajdaptiveiy- varied from the previous slot to 
'the present slot^ ,;itso that'; it is effective to estimate the 
channel gain for ea;i3h s.yicibol in the slot* 

The linear flittering the procedure of obtaining the 
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average of the- cliannel estimates of the symbols obtained by 

the linear interjilolation over a given interval. The linear 

til I 

! 11- 

ixiterpolation empjloys the channel estimates of the slot 

1 1 ji, 

containing noise'sjl and interferences, so that the channel 

1 1 ^ 

estimates of the ^spubols also contain interferences and noises. 
Hence, the linearis filtering is the procedure of eliminating 

the noises and in-tiarferences contained therein to provide more 

I il ;f ' 



correct channel estimates, 



This is based 

ilfi 
iil 



on the principle that the weighted average 



10 of both the pres^teit input and previous output is defined as 
the present outpift which employs for the average channel 

ill ^ 

estimate of the priesent syicibol the channel estimate h(n, k) of 

iiif 
■ li 

the present symbolUfand the average channel estimate h {n,k*-l) , 

i I 'i' 

Thus, the averagib channel estimate of each symbol is 

15 repeatedly produced by Equation (10) in the linear filtering- 
Mi! !i , 



A Ai;|| 

M«,^) = P^.|>l)+{l-PM 



ao) 



Wherein ji ij^lj, a coeffici&nt limiting tlie detection 
20 interval/ that i^^jj tiie accuiaulated number, of the channel 
estimates of the s!^4ibols used in the average, which is set to 
have a value less ifthan 1, determining the performance of the 

linear filtering', iilf p approaches 1, the linear filter may 

■ iii' 

fully removes the hBisei, but does not sufficiently follow the 



il 
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signal level variiled. On the contrary, if it is much loss than 

, i' 

Ir the linear filiter may delicately follow the signal level, 

'l ' ' 

but does not sufjf iciently remove the noises, so that it is 
hardly possible tBf improve the signal to noise ratio* Hence, a 
proper value shoit|kd be selected , for the optimma performance 
considering the opl^rating environment and system. 

The output; cjijjntrol device 440 controls the output of the 



demodulating and] j| 
measured of theli: 



detecting circuit 400 according to SIR 
present slot. The estimation of SIR is 



10 achieved by the dliiirect ratio of the instantaneous signal power 

i ii -1 

and average inteftf er;ence power of the corresponding slot 

W} 

detected. if 

The instantaneous signal power is measured based on the 



pilot symbol of t^|^ previous slot and the data symbol of the 
15 present slot. As tjiie pilot symbol of the previous slot may be 

' i! I 

used the^ one detd(f|,ted in estimating the channel gain of the 
slot by the chann^ji determiner 420 • In addition^ the power of 
the data symbol oi|f the present slot is measured based on 
direct judgment ;o,if the output of each demodulating and 

20 detecting circuit -i!;|[rhe' direct judgment is to map the output of 

i !' j' 

the demodulating axij^ detecting circuit onto the data symbol of 
the complex value .j lit Accordingly, the real and imaginary parts 

iSii 

of the output are -jiiudged as ^1' when greater than ^0', and ^- 

iiij. : 

1'' when less than . 
25 In addition, tme output of the demodulating and detecting 

circuit is re-cod|^ 'abcording to the result of the direct 
judgment obtained aj^ ±l±j * Namely, the common component of the 
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temporarily decoded data symbol i3 multiplied by the output of 
the demodulating 'i^nd detecting circuit. Accordingly,- assuiaing 
the output of i|th^ demodulating and .detecting circuit 
corresponding to J^he kth data symbol of th^ nth slot and the 
result of its di|j7eGt judgment a^e respectively r (n, k) and 
ds (n, k), the sisjfe component of the data .symbol is the re- 
coded signal exprf^ssdd by Equation (11) , and the average of 
the receiving sigii&l in the nth slot interval is expressed by 
Equation (12) . jl 



r in,k) - 4nM d] M 

■i (11) 



(12) 



if Wherein ii(n-l:l!i; represents the channel estimate of the (n- 

3 15 l)-th slot. 

3 M|i' 

The average iliterf erence power laay be relatively easily 

i|i 

calculated by usin^ the re-modulated signal, i.e., the signal 

]\\ 

•strength of the received data symbol and the instantaneous 

.'I' ' 

signal power. Firstp-y, ' the reception power of the data symbol 

■]| : 

is calculated by S(||iare operation of each re-coded signal and 
tnen average those: ifvalties over Na interval. In this case, the 

; '■ j, 

reception power of'l the data symbol consists of the average 

, 'I 

reception power of[ the data symbol and the instantaneous 
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interference pow^fc, ,so that the instantaneous interference 

\ \ 

power of the datai|isyiahol is obtained directly from it, and the 

■ 'i! 
. 'I 

result provides the Instantaneous interference power of the 



nth slot as expressed by Equation (13) • 



7 Ns 

— T 



A 



(13) 



10 



15 



Moreover, tii,^ average of -the interference powers is 



calculated based dn the weighted average of the instantaneous 
interference poweriSand the previous average p-nterf erence power. 
To this end, the l|:;tnear filter may be used as in the procedure 

of estimating the [jjchannel gain of the syxnbol by the channel 

ft 

estimator 420. Thusji, the average interference power of the nth 



slot is expressed fejiy Equation (14) , 



A 



A 



(14) 



In this case, i|a proper value must also be assigned to P 

If 

as described in cof|tnnection with the channel estimator 420. 
20 Hence, the estimat|||on ■ of SIR is expressed by Equation (15) 

based on the instiaiit^neous signal power and the average 

\\ j 

interference power Jc|btained through the above procedure - 
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(15) 



The output d©ntrol consists of the steps of determining 
the weight value: j;|f or the output control by comparing SXRest 
5 .with a predetermibed! threshold value SiRthf and multiplying 
the output of the| demodulating and detecting circuit by the 
weight value. In'||:his case, if SIRea^ is greater than SIRth^ 

the weight value is 3et to 1, or otherwise to 0. 

■ I '1 

The weight va|Lue' is used to open or close the output of 
LO the demodulating ^lid detecting circuit delivered to the input 
of the coxobiner 4|i^0. 1 Namely, the output of the demodulating 
and detecting ci^^cjiiit ;is closed with less SIR while the output 

; I ;l 

with more SIR isli'j'Used by the combiner to detect the data 

symbol* Thus, thei output control by SIR may prevent the 

' I' \ 

15 degraded output ofjilthe' demodulating and detecting circuit from 
^entering the Gom^:>ine:r 450, so that it is possible to 

: 

significantly incre!b.se; the signal to noise ratio of the output 
o-f the combiner, i/;jp,,;the detected data symbol. In this case, 
the threshold valuii is selected so as to achieve the best 



20 performance of the' 



jefceiving system. 



Thus, the in^'ent4.ve demodulating and detecting circuit 

for the mobile stajsjion estimates the average channel gain of 

\ii ' ■ 

each symbol throughj! linear filtering, and controls the output 
oy comparing the measured SIR with the threshold value, so as 

25 to detect the cdrr'ect symbol data despite considerable 

■ I'f 

■hi 
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' , I, 
:e!; 



variation and int^frf eirence of the received signal level 

; il 

Describing m^ire specifically the steps of detecting the 
signals of spaceT^|:ime coding in connection with Fig. 5, the 
signal transmitte;(^| via the radio channel is received at step 
510. The receivedjj sitrnal is de-spread at step 520 with the 
same spreading cf j>de | as the spreading, code used in the 
transmission sidei|j;to 'obtain the transmiSsidn symbols decoded 
at step 530. The 'Jlihannel estimate of the slot is calculated 
from the decoded ti|ansmission symbol at step 540. 

At step 55pi|| the channel estimate of the slot is 
subjected to linear interpolation to , obtain the channel 
estimate of eacli!|li transmission syinbol, which is in turn 
subjected to line|r filtering to obtain the average channel 
estimate measured :c|K;-er a given interval. At step 560, the data 
15 symbol is detectejl at step 560 based on the transmission 
syirOaol decoded at ij^tep 530 and the channel estimate obtained 

at step 550, The leverage signal and average interference of 

'111 

each slot are measlred to obtain SIR at step 57 0. The SIR is 

I 

compared with a crijyen threshold .value at step 580 to judge 

' I' 

JO whether the output? F signal of the corresponding demodulating 
and detecting cirG|it ■ is proper, so that the result of the 

judgment is used |j^s the weight value multiplied with the 

■I 

decoded symbol to ;i::iontrol the output of the demodulating and 
detecting circuit . ;||knally, the symbols detected and decoded 
■5 by the demodulata||ig and detecting ciJtrcuit are linearly 
combined to produceji the output at step 590., All these steps 
may be programmed ^ a; computer into a recording medium such 
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■as a CD-ROH, a 



a ROM/ a fioppy disk^ a hard dxskr an 



optical magnetic itiisJc, etc. so as to be retrieved as desired- 



Thus, the iii^p-entive method emplc:)ys linear interpolation 



and linear filter;i|ng to calculate the .channel estiiaate of each 



transmission synibjill from the channel estimate of each slot. 



thus providing thpi correct channel estimate even in a channel 
with considerable|j| fluctuation. Further, the output control 

with estimation cSt SIR only passes a proper output of the 

III, 

demodulating and ,|<iaetecting circuit to im.prove the signal to 
10 noise ratio^ mainmining enough communication quality even in 
a bad communicatic|j|i environment • 

Although the ^jpref erred embodiments of the invention have 
been disclosed foil illustrative purpose, those skilled in the 
art will be apprejbiate that various modifications ^ additions 

fare possible, without departing from the 
of the invention as disclosed in the 



15 and substitutions! j 



scope and spirit 

I 

accompanying claiiri^f 



I,! |, 



I if. 
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